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Abstract 
A novel lignite pre-drying system incorporating a supplementary steam cycle integrated with a lignite fired 
supercritical power plant was proposed and thermodynamically evaluated using the EBSILON Professional software. 
Differing from the conventional pre-drying systems, the steam bleed for the dryer in the proposed system is drawn 
from the intermediate pressure turbine and put through a separated turbine called T-turbine. With the T-turbine 
installed, the superheating requirement of the bleed for the dryer and for some regenerative heaters is significantly 
reduced, thus leading to a further increase in the lignite fired power plant efficiency. The simulation results show that 
the net power plant efficiency improved by 2.6% and the cost of electricity reduced by up to 1.26 $/MWh can be 
achieved, compared with the reference case. The exergy destruction can also be significantly reduced in the proposed 
lignite pre-drying system. The concept of the novel integrated system may provide a promising method for lignite 
pre-drying in the future generation lignite power plants.  
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1. Introduction 
    Lignite generally features high water content, and volatile content but low net heating value [1]. Thus 
the lignite-fired power plants consumes more coal compared with bituminous-coal fired power plants 
with the same electric power outputs. A variety of pre-drying technologies have been intensely studied in 
the past a few years in an effort to improve the efficient use of lignite. Among these technologies, the 
steam drying technology, which employs superheated steam bleed from the steam turbines, has been 
widely considered because of its effective use of the latent heat of steam. Kakaras et al [2] conducted a 
simulation study of the lignite power plant and investigated the net efficiency improvement. Liu et al [3] 
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developed a theoretical model based on the principle that pre-drying can increase plant efficiency. 
However, most previous studies have focused on the calculation of the efficiency improvement and the 
comparison of the pre-drying methods. A unique problem often ignored in these studies is that with the 
deployment of the supercritical technology, an increasing number of lignite fired power plants are using 
supercritical or even ultra-supercritical steam parameters. In these high parameter units, the steam bleeds 
from the turbines will be highly super-heated, that is, a large amount of sensible heat from the steam 
bleeds is released in the lignite dryer, and the temperature difference between the bleeds and lignite is 
amplified. Thus, a large exergy destruction occurs and presents a thermodynamic disadvantage.  
    A novel lignite pre-drying system integrated with the supplementary steam cycle is proposed in this 
study. This study aims to achieve the following objectives: (1) to minimize the exergy loss in the lignite 
dryer through the integration of the lignite pre-drying system with the supplementary steam cycle, (2) to 
determine the improvement of thermodynamic efficiency in the proposed pre-drying plant, and (3) to 
further analyse the economic benefits of the proposed lignite pre-drying system.   
2.  The concept of the proposed novel lignite pre-drying system incorporating a supplementary 
steam cycle 
2.1. Conventional lignite pre-drying system with superheated steam bleeds 
    The schematic of a conventional lignite pre-drying power plant (LDPP) with a rotary dryer is shown in 
Fig. 1. The raw lignite is fed into the dryer, pre-dried and then fed into the boiler. The steam bleed from 
the fifth stage regenerative heater (RH) releases heat in the dryer and then produces water condensate, 
which is recovered in the next RH. The waste vapour is mixed with air and dumped to the environment. 
After the lignite pre-drying process, the net heating value of the lignite is increased and the exhaust flue 
gas temperature decreased. Accordingly, the net efficiency of the power plant is improved.  
    It should be mentioned that, the steam of the dryer is bleed from the intermediate pressure (IP) turbine 
(RH5 in Fig. 1), which is in the downstream of the reheater. Thus, the degree of super-heating, i.e. the 
temperature difference between the exiting bleed steam and its saturated temperature, is rather large. The 
steam bleed for the dryer in a supercritical unit normally ranges 1.5 bar to 5.0 bar/150°C to 290 °C, and 
the corresponding saturated temperature ranges from 110 °C to 150 °C. The high degree of super-heating 
of the steam bleed for the dryer will suppress the thermodynamic performances of the power plant.  
2.2. Description of the invention  
    Fig. 2 shows a schematic of the novel LDPP incorporating the supplementary steam cycle. Compared 
with the conventional LDPP, the major change is the redirection of the steam bleeds for the dryer and 
RHs (RH3, DEA, and RH5) from the IP turbine through a separate turbine named the T-turbine. This 
improved cycle application is termed the supplementary steam cycle.  
    The T-turbine is a separate turbine on the cold reheating line of the bleed in the downstream of the 
check valves. The super heat of the steam bleeds for the dryer and the RHs is rapidly reduced as the steam 
expands through the T-turbine from relatively cold conditions. This characteristic also denotes that steam 
bleed from the T-turbine is cold and that the final bleeds from the T-turbine steam, i.e., the steam bleed 
for drying, might even be slightly wet. In addition, the removal of bleed steam from the IP-turbines to the 
T-turbine also means that the steam flows through the reheater of the supplementary steam cycle is 
reduced, subsequently decreasing the heat rate of the unit. The steam flow rate required for the dryer will 
just be slightly increased, because the most required energy comes from the latent heat of the bleeds. 
Therefore, the temperature difference between the bleeds and the lignite being dried is reduced, and the 
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thermodynamic performance can be improved further. In the proposed LDPP, the secondary turbine that 
drives the feedwater pump is removed completely, and the feedwater pump is driven by the T-turbine.  
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           Fig. 1 The conventional LDPP                                                                     Fig.  2 The proposed novel LDPP  
3. Performance evaluation  
3.1. Thermodynamic analysis  
The reference case here is a 600 MW supercritical lignite fired power plant [3]. The pre-drying system 
integrated into the power plant is simulated using the EBSILON Professional software. The water content 
of the lignite is reduced from 39.5 wt% to 15.0 wt% during the drying process. It should be mentioned 
that the heat absorption for steam production from the boiler remains the same in all the examined cases. 
Table 1 shows the results of the thermodynamic analysis. The net efficiency of the power plant is 
enhanced following the addition of the lignite pre-drying because of the increase in the net heating value 
of the lignite and the boiler efficiency. The net output power decreases by 23.6 MWe in the conventional 
LDPP because of the extraction of the superheated steam from the turbine (4.3 bar, 266.0 °C) to the dryer. 
In the novel LDPP, the temperature of the drying steam decreases from 266.0 °C to 1462 °C (a slight 
wetness of 0.07), while the flow rate of the extraction increases by 8.5 kg/s. The output of the power in 
the novel LDPP is 7.8 MWe higher than that in the conventional LDPP. This finding can be attributed to 
the reduced heat rate of the steam turbine through the application of the supplementary steam cycle. Thus, 
the flow rate of the live steam in the novel LDPP is enhanced under the condition of the constant heat 
absorption from the boiler and the net efficiency is improved by 2.6% compared to the reference case.  
Fig. 3 shows the temperature characteristic and the exergy destruction rate of the RHs (RH3, DEA, and 
RH5) and dryers in both conventional and novel pre-drying LDPP cases. Apparently, the temperature of 
the steam bleeds and the exergy destruction rate are significantly reduced in the proposed LDPP 
compared with the conventional LDPP. In particular, the exergy destruction rate of the dryer is reduced 
from 12.7 MWth in the conventional LDPP to 12.0 MWth in the novel LDPP.  
3.2. Economic analysis  
    In the proposed LDPP, the T-turbine is added, and the secondary turbine is removed, thus resulting in a 
variation in the total investment, as compared to the conventional LDPP ($1.49M higher than the 
conventional LDPP). The COE reduction is 0.83 $/MWh in the conventional LDPP and 1.26 $/MWh in 
the proposed LDPP, Table 1. Thus, the proposed LDPP offers better economic benefits, although the 
investment is larger. This conclusion is drawn based on the significantly improved efficiency of the 
proposed LDPP when incorporating the supplementary steam cycle.  
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Table 1 Thermodynamic and economic analysis results of the examined cases  
 
              Fig. 3 Steam bleed temperature and exergy 
loss in dryer and RHs in both the conventional and 
novel LDPPs 
4. Conclusions 
 The following conclusions may be drawn from this study: 
    (1) The lignite fired power plant thermal efficiency can be increased by the lignite pre-drying using 
steam bleeds. However, the super-heating of the steam bleed in the dryer is rather large, especially for 
supercritical units. Thus the exergy destruction is rather large.  
   (2) In the proposed LDPP, the net power plant efficiency is further enhanced by the system integration 
of the proposed lignite pre-drying system incorporating the supplementary steam cycle. The net power 
efficiency in the proposed LDPP can be increased by up to 2.6% as compared to the reference case. The 
exergy loss in the dryer and RHs (RH3, DEA, and RH5) can be reduced from 12.7 MWth in the 
conventional LDPP case to 12.0 MWth in the proposed LDPP. The reduction in the cost of electricity 
(COE) in the proposed LDPP can reach up to 1.26 $/MWh, greater than that in the conventional LDPP.  
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  Reference Case 
Conventional 
LDPP 
Proposed 
LDPP 
p dryer inlet steam bar ü 4.3 4.3 
T dryer inlet steam °C ü 266.0 146.2 
steam-total kg/s 463.2 463.2 494.6 
steam-bleed to dryer kg/s ü 42.8 51.4 
coal kg/s 119.4 109.3 109.3 
Pe-net MWe 572.2 548.6 556.4 
netK  % 41.4 43.4 44.0 
netK'  %-
points ü 2.0 2.6 
Annual carrying 
charge M$ 40.96 40.96 41.11 
Operating and 
maintenance costs M$ 16.08 16.80 16.85 
Annual fuel costs M$ 112.05 102.51 102.52 
COE $/MWh 53.76 52.93 52.50 
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